This study examines the short-term effects of focused-attention meditation on 17 functional brain state in novice meditators. There are a number of feature metrics 18 for functional brain states, such as functional connectivity, graph theoretical 19 metrics, and amplitude of low frequency fluctuation (ALFF). It is necessary to 20 choose appropriate metrics and also to specify the region of interests (ROIs) 21 from a number of brain regions. Here, we use a Tucker3 clustering method, 22 which simultaneously selects the feature vectors (graph theoretical metrics and 23 fractional ALFF) and the ROIs that can discriminate between resting and 24 meditative states based on the characteristics of the given data. In this study, 25 breath-counting meditation, one of the most popular forms of focused-attention 26 meditation, was used and brain activities during resting and meditation states 27 were measured by functional magnetic resonance imaging. The results indicated 28 that the clustering coefficients of eight brain regions tended to increase through 29 the meditation. Our results reveal that short-term effects of breath-counting 30 meditation can be explained by network density changes in these eight brain 31 regions.
the short-term effects of FA meditation in the novices, and its characteristics 143 were investigated based on the selected feature vectors and ROIs. Figure 1 : The experimental design. The block labeled with the symbol '*' contains the dummy six volumes (with the duration of 15 s) acquired before the start of the first resting block. They were excluded from the analysis in order to eliminate the non-equilibrium effects of magnetization.
In the breath-counting meditation block, participants were asked to breathe 184 through their nose and to try not to change the breath interval. They counted 185 their breath silently from one to ten.. They were also instructed to restart 186 counting from one if they got to ten, or if their mind got distracted. Their 187 eyes were kept closed consistently in the scanner. In the rest block, they were 188 instructed to stay relaxed without focusing on their breathing. The dummy 189 six volumes were acquired before the start of the first resting block and also 190 excluded from the analysis in order to eliminate the non-equilibrium effects of 191 magnetization. 192 We focused on the pre-rest and meditation blocks to see the short-term effects 193 of meditation. The post-rest block will be used to study another hypothesis, but 194 was excluded for the current study. In addition to preprocessing through SPM12, the following, additional, pre-209 processing was performed. First, the whole brain was divided into gray matter, 2) Similarity to the average characteristics: We aimed to determine the 249 single threshold that can extract the network with group average characteristics 250 between the different threshold settings (cost: 0.050 -0.425). Therefore, we 251 calculated the degree centrality measure for each brain region, for all participants, for occasions, respectively, and ⊗ denotes the Kronecker product of matrices.
308
AdditionallyBesides, G, Q, and R denote number of classes, components for 309 variables, and components for occasions, respectively.
310
T3Clus solves the following optimization problem:
subject to B and C column-wise orthonormal and U binary and row-stochastic.
312
In this study, functional neuroimaging data were treated as three-way data 313 consisting of 29 participants, 116 brain regions, and four regional functional T3Clus can be obtained by:
In this study, the 29 participants' data were classified into two classes, To extract the essential brain regions and their feature values, the permutation 380 test was performed on the component loading matrix. The significant brain regions shown in Table 1 were the top 8 largest component-383 loading values in Figure 4 . On the other hand, for the feature values, only the 384 clustering coefficient was extracted as a significant discriminating feature.
385
Therefore, these results indicated that the eight brain regions and their 386 clustering coefficients were essential for discriminating brain states between 387 resting and meditative conditions. Figure 5 shows the component loading maps 388 of the eight brain regions that contribute to the classification of the two states, 389 displayed on axial slices at different z levels. 
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